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SUBJECT: Corrosion Resistmoe of Out-of-ChaPistry 301 

Stafnless Steel Sheet" 

ABSTRACTt Four dlffenat heats of 301 strin'isss steel she 

@/A Specification O-'AW, 
\ 

h p l s s  of all four heats w e r e  fabricated into butt welded 
stretrs corrosion specinens using standard production welding 
tecfmigues, Some were left In the se-weldad aondition and 
sono had the vela joints roll  planlshed. Woldad enCi unwe1d.d 
specbaens of these heats wem 8tMsSsd to 80,000 psi  
bending t h a  into slotted fixtures and then pla& In a 
salt spray cabinet for various lengtks of tiae. 

A mtallographlc examination was then conductad to determine 
tha extent of corrosion attack and its relation to the 

i 

e materials. 

betwen the abmistq and corm 
could be made. The corrosion attack on a l l  sps 
vas neglfgible, 
vere nut exposed - , s a l t  spray corrosion tests contained 
lnicroscopio surface scratches or irregularitias. 
depths o f  these surface irregularities are larger in som 
cases tfian the irragiilarities found in the spechens subjected 
to the salt spray, for example (2100@" to 0.ooOU" in depth. 

Control speciEsns of the same heat8 which 

The 
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To: 'it i s t ri  bu t i on 

m n :  Materials Research Group, 592-1 

SEBJ-XCT: Corrosion Xesistance o f  Outof-Chegistry 301 Full iIard 
Stainless Stee l  Sheet. 

BACKGROUND t 

At the request of the Project Office an investigation was s ta r ted  to 
determine the e f f ec t  of s t r e s s  corrosion environments on out-of-chemistry 
heats of 301 full hard stainless s t e e l  sheet which were purchased t o  
General Cynamics/Astronautica Specification 0-71OnL. 

Four heats of 301 fill hard stainless steel shee t  were obtained from 
cllrrent stock. Cf these heats one i s  in-chemistry 3nd the remaining 
three heats  are outaf-chemistry when compared wi th  the General Dynamics/ 
AFtronautics Specification 0-71004. 
in-chemistry heat. 
Heat numbers J&62 and 5486.46 are both high i n  carbon content by 0.1 
percent. 
and heat number J4.8646 is  low i n  chromium by 0.3 percent. 

Heat number l57I.01 represents the 
Heat number 32786 i s  low i n  chromium by 0.8 percent. 

In addition heat number J48562 I s  low i n  chromium by 0.2 percent ' 

TEST PWCEDUHE: 

S t r i p s  of a l l  four heats were butt  welded by Eepartment 758  sing 
stancard production techniquee. 
roll-planished by Departanent 758 and the remainder were left in the as- 
welded condition. Approximstely one inch wide corrosion t e s t  specimens 
were cut from the strips so that the welds were longitudinal with respect 
t o  the Wor axis of the specimens. 

Half of a l l  these welded s t r i p s  were also 

The specirsens were st ressed t o  80,000 p s i  t ens i l e  stress (50% of field 
stress reqaired in Specification 9-71004) by flexing and snapping the 
specimens into s l o t s  cu t  i n  blocks of aicarta- 
the distantxi between the slot8 cut into the  micarta block were calculated 
by using *.e curves shown i n  Figure 1. Specimen lengths (see Figure 2) 
were calculated t o  obtain the desired t ens i l e  s t r e s s  uhen the speclmens 
were p l  ced. into tho zorAmsioo fixtiires shwm ir? Figura 3. 

value was obtained from MIL-HDBK-5, March 1353. 

The n*mcIBMn lengthrr and 

A value of 
26 x 10 8 psi was USBd for Young's Modulus i n  these calculations. This 

Eine specimens of each heat i n  the unweldcd, the  welded and roll-planished, 
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and t h e  as-welded conditions were bent i n t o  the ~ 1 0 t . s  in t h e  sxticarta blocks 
and placed in a salt  spray cabinet. 
listed in Method 811 o f  the Feaeraf Test Method Standard No. 151, 17 July 
3.356. 
the cabinet. 

This  cablnet meets the spccificatians 

A twenty percent solution of sodium chloride i n  water vas used. i n  

All specimens were exposed t o  the  salt gpray f o r  periods of 36, 72, and 168 
hours. 
it was paaslble t o  remove specimens of each hea t  and of each condition 
after the exposure times indicated above. 

Since t r i p l i c a t e  specimens were placed in th selt spray cabinet, 

After each period of exposure, a group of specimen8 was removed f m m  the 
cabinet and examined on the  aurfaces fo r  corrosion p i t s  v i t h  par t icular  
a t tent ion given t o  t h e  heat aff'ected zones o f  t he  welded specimens. The 
heat affected zones are r e o n  susceptible to corrosion e f fec ts  tecause the  
temperature incurred during welding causes a reaction between the chromium 
and carbon content in the steel t o  f o m  chronim carbides. This reaction 
due t o  welding depletes the surrounciing material of chromium, thus the 
n e t e r i a l  i s  l e s s  corrosion resiPtant than it i s  in the unyelded conci+don. 
The 301 specification (0-71004) limits t h e  carbon content t o  a maxlmun~ of 
0.10 percent which liaits the degree of  carbide formation which can O C C u F o  

After the surfaces of a l l  specimens were examimd and t h e  degree of surface 
corrosion attack vas recorded, the specimens were cross-sectioned and 
prepared for metallographic examination. 
transvercrely so that the d e p e  of  corrosion could be d n e d  a t  the 
location of  maximum tensile stress due t o  banding, anti base metal, weld 
m e t a l ,  and heat-affected zone8 could be examined.\ 

These a p e c b n a  were sectioned 

The specimens were all etched electrolyt ical ly  f o r  five mixxites i n  a ten 
percent solution of sodium cyaniae i n  water. Th i s  etchant is capable of 
darkening any carbide precipitation network present i n  a s ta inlesa s t e e l  
without affecting the aus ten i t ic  matrix of the stsinless steel .  

DISCUSSION AND RESULTS: 

After the metallographic exanination of a l l  the corroeion specimens was 
completed, the resu l t s  were studied in an attempt t o  correlate the e f fec ts  
of the combined stress ana corrosion environment on 301 s ta in less  steel 
sheet which were out-of-ohemiatry to the degree sha~z i= Table 1, "ha 
corrosion a t taca  was negligible i n  all the specimens teatsd. No correlation 
could be made of the degree of  corrosion attack i n  the carbide precipitation 
zone of the trelded specimens vhen compared to the chede t ry  of the  
Mterid8. 

Control specimens of each heat which were not subjected to the sal% s p w  
were also compared t o  the speolmens expoaed to  the salt spray. 
specimens contained surface i r regular i t ies  which were 0.OOO06" t o  0.00024" 

The control 
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deep. 
abrasive grinding of t h e  surfaces o f  the s t e e l  sheet at the dll to remove 
surface flaws. 

These surface defects are presumably scratches result ing from the 

Previous metallographic exanination o f  0,010" th ick  301 half hard material 
used i n  the fabrication o f  stretched-formed gore skins at CD/A indicated 
that this mterial also contained surface scratches which ware 2,00006" 
deep. 
skins f o r  b d h e a d s  contained surfaae scratches which ranged f'rom 0,9003" 
to  0.0006" deep. 

Another heat of 301 (0.01S5n thick) which was also formed into gore 

The above work was performed on unwelaed material. 

The r e su l t s  of observed p i t t i ng  as ShOWi i n  Table 2 may then indeed contain 
t h e  measurement of surface scratches (present before salt spray a x p s u e )  
as w e l l  as the measurement of any minute p i t t i ng  due t o  the combined s t r e s s  
and corrosion exposure. 
aifferent ia ted,  houwer, the surface i r r egu la r i t i e s  measured a f t e r  the 168 
hour salt spray exposure were no more severe and i n  one case ( See Figure 8 )  
l e s s  than the surface i r regular i t ies  present in the control specirens 
(see Figures 4 through 9). These photomicrographs represent the worst area 
of surface i r r e g d a r i t i e s  of each heat of material. 

These tvo types of  surface defects could not be 

From the r e su l t s  obtained front these t e s t s  it can be seen t ha t  even after a 
aevere salt spray exposure of 168 hours, out-of-chemistry 301 stainless 
steel under a stress of 80,000 psi aoes not show evidencs of p i t t i ng  or 
cracidng i n  the carbide precipitation area of welded spechens to a uegree 
greater than the surface defects found In samples of the? s m  heats which 
were never exposed to the salt spray corrosion t ea t ,  
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p O X  Stchant: S a m  BS in Figure 4. 

soat affectel  zone of 301 5tainlew eteol wft'. co s a l t  s??ay 
exposure. Heat Po. 248562. The large?.+, surfacs i r r e p l a r i t y  
is C.3C)OlP' dee?, 

'fgure 6 .  
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